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RiSlME 

Le"prisen:t rappO'rt expose en detail les politiqmes et objectifs a 
etabllr et les principes et prO'Cidures geniraleB a snivr© po'iar la 
collect© de doanieB d© iaute ■qualite. Le Plan, de controle de la 
qnaliti reco'iivre trois volets : 1) ditermlner qmelles cO'Bp"Osantes 
ministirielles doivent falre I'D'tiJet d'mn cO'ntrdle de la qmallte 
Caoit les services regionaiix ., les services de laboratolre, et les 
services de gestiO'EL des donnies) ; 2) enoncer les o'bjectifs et lee 
particiilaritis de ciacmne de ces composantee par rapport a 
I'objectif global dii. Plan de cO'ntrdle d© la qualite; 3) mettre en 
relief les dlverees activites necessaires ' pour atteindre cet 
obgectif global, soit • 1" organisation interne et 1' allocation, 
des ressources,, la collecte et l''enr©gistrement des donnies et 
les responBabilites en la matier©/ et 1'' itablieseiient dee 
iiet]i.odes ' de snrveillance et des Bodalltes a suivre en cas 
d'urgence. 
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The information in this document has been subject to^ Ministry 
of the EnvirO'nment peer and administrative review, and it has been 
approved for publication as an MOE document. Mention of trade names 
or Goram,ercial products does nO't constitute endorsement or 
recomm.endation for use. 
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1.0 SCOPE AiD PURPOSE OF THE QUALITY ASSURANCE: PROCRAM 



In late 1983, an Inhalable Particulate Monitoring Program was 
established for the province of O'ntario. The design of this experi- 
mental study is to quantitatively determine over time the mass and 
elemental concentrations of Inhalable particulate matter (IP) at a 
num,ber of urban and non-urban sites in O'ntario, Inhalable particulate 
samples are collected at selected sites where total suspended particu- 
late (TSP) ra,easurern,ents are routinely made. Monitoring site locations 
and descriptions are presented in Figure 1 . 

Inhalable particulate matter (IP), i.e.,, that fraction of 
ambient ■aerosol with aerodynamic diameters of less than 10.0 pin*, is 
character i:zed by two size-mode distributions. Fine inhalable particu- 
late matter (FP) is that fraction of IP less than 2.5 ym while coarse 
inhalable particulate matter (CP) is that fraction of IP 2.5 um to 
10.0 liiD. Fine particulate "arise primarily from condensation of 
vapour or chemical conversion of gaseous compounds to low volatility 
vapours that can nucleate"' while coarse particulate "'are generated 
principally by mechanical action" (Hopke, 1985). , 



» The upper size limit for IP was established initially at 15.0 um. 
In July, 1981 the U.S. EPA recommended that a 10.0 ym cut-point 
was more representative of the upper size limit of particulate 
entering: the human respiratory tract. In late 1983, all Ministry 
of the Environment samplers were retro-fitted with 10.0 um inlet 
heads. 
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Data generated by the Inhalable Particulate Honltoring Program 
will be used to evaluate: 

11 statistical relationships exhibited between TSP (i.e., 
aerosols with aerodynamic diameters less than approxi- 
nately 100' pra). and IP as well as coefficient of haze (COH) 
with IP. 

It may be possible to predict IP concentrations from TSP 
C'oncentratlons (for specific sites, under a variety of 
conditions) knowing, for instance, the average ratio of IP 
to. TSP. Likewise, the CO'H to IP ratio may act as a real- 
time indicator for control action during heavy pollution 
episodes, in conjunction with the Ministry's Pollution 
Index (API) system, 

ii) the spatial and temporal differences and similiar i ties in 
mass, size and chemical composition of IF. 

iii) the instrumentation used to collect IP samples, with 
special emphasis on the assessment of the 10 pm, inlet 
head's representativeness.. 

If J source apportionment models proposed as a means of using 
IP information from given airsheds to characterize 
contributing point sources and source regions. 
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t| estimates ot respiratory tract particulate deposition. 
Miller et al .. (1979) concluded that aerosols in the 2.5 to 
15.0 urn size range tend to deposit in the conducting air- 
ways of the respiratory tract (tracheobronohial region) 
whereas aerosols less than 2.5 um penetrate into the gas 
exchange areas of the lung (alveolor region).' In addition 
to knowing the mass deposited, chenileal analysis results 
provide toxicity parameters for risk: assessment and other 
epidemiological research. Ultimately, a size-specific 
inhalable particulate standard, based upon the Inhalable 
Particulate Monitoring Prograii data can be promulgated by 
the Ministry of the Environment to effectively reduce 
particulate m,atter emissions in areas requiring 
attainment. 

Inherent in the mandate of the inhalable particulate network's 
operations is the "commitment to ensure that all data are scientifi- 
cally valid, defensible, thoroughly doe urn en ted and are reported with 
quality indicators. To achieve this goal, a Quality Assurance (QA) 
program j i.e., "a system for integrating the quality planning, quality 
assessment and quality improvement efforts of various groups in the 
organization to enable operations to meet user requirements at an 
economical level" (U.S. EPA, 1976), is considered by management to be 
a crucial element of the inhalable particulate program and ac- 
cordingly, has been integrated into the network's operations to 
enhance its data credibility. It should be noted that the Ministry's 
central laboratory has implemented Its own extensive QA program and is 
mianaged as an internal laboratory function. As such only a brief 
synopsis of the laboratory Q:A requirements which Interface with the 
inhalable particulate program will be given here. 
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Proper implementation oT the QA pfogram fequifes the drafting 
of two 'framework' documents, whose rationale and required QA guide- 
lines and activities not only serve to augment and complement existlag 
standard operating procedures but also help minimize factors which 
could negatively affect data quality. By definition, these documents 
are: 



I3'' a QI Program Plan - "an orderly assembly of managem:.ent 

^ policies,, objective, principles, and gen-^ 

Co\/€f-::a;la. ^u. i- ./•*->' ->"-- era! procedures by which an agency or 

laboratory outlines how it intends to 
produce quality data" (U-S. EPA, 1980); 



ii) a QA Project Plan - "an orderly assembly of detailed and 

/■'" specific procedures by which an agency or 

^ Q.C -i QA |^fpt^&.,j,..i.;U4. laboratory delineates how it produces qual- 

^., .'■ c^i/:^-'^*.*- r ity data for a specific project or 

measurement method"' (U.S. EPA, 1980>. 



To gain an overall perspective of the quality assurance effort, 
it is appropriate to describe only the QA Program Plan (hereafter 
called the QA PLan). The QA Project Plan (hereafter called the QA 
Manual) should be referred to for specif io detailed quality control 
and quality assurance procedures designed to meet the objectives laid 
down in the QA Plan, Information concerning network instrumentation 
or the methods of performing routine or repetitive tasks (e„g,, sample 
collection, analytical tasks) is provided in the Standard Operating 
Procedures and Technical Manual.. 



QA Plan 
Section: 2.0 
Revision No. : Q 
Date: June 30, 1987 
Page: 1 of 6 

2.0 COMPONEMTS OF THE QA PLAN' 

The function of the QA Plan is threefold. Firstly, it 

identifies those operational components within the inhalable particu- 
late program which require quality assurance (broadly categorized as 
Field Operations,, Laboratory Operations and Data Management Opera- 
tions) and those non-operational coraponents which are important 
quality assurance considerations. Secondly, the QA Plan states the 
quality assurance objectives of each of the network components and 
quality assurance considerations as they relate to the overall QiA Plan 
objective. Thirdly, and most importantly, the QA Plan highlights the 
structural organization and resources, the data gathering/reporting 
functional activities and responsibilities,, and the control systems 
and contingency procedures needed to ensure that the overall QA Plan 
objective is met, 

■i 

' The overall QA Pl,an objective is as follows: 

to ensure that the dat,a quality characteristics of 
aGcur,acy, precision, com,pleteness , representativeness, ,and 
cO'mparabil ity are ,attained (through every effort possible) 
to given levels of acceptability through the design, des- 
cription and implem,entation of quality control and quality 
assurance guidelines and procedures. 

The data quality characteristics of accuracy, precision, 
cora,pleteness , representativeness, and comparability and their 
acceptance criteria are defined as follows: 
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I I Accuracy - the degree of agreement of a measurement (or 

an average of measurements of the same 
thing), X, with an accepted reference or 
true value, T, usually expressed as. the 
■difference as a percentage of the reference 
or true value, (100 X-T)7T, and sonietimes 
expressed as a ratio, X/T. Accuracy is a 
measure of the bias in a system (U.S. EPA, 
1983). 

The term "accuracy" is somewhat of a misnomer for Inhalable 
particulate measurement in the field, using this definition, since 
there is no absolute standard (i.e., a known volume and composition of 
IP) with which to challenge the monitoring equipment. Instead, 
"aceuraey" must be indirectly inferred. It must be ass'umed that 
Inhalable particulate is homogeneously distribufed within the volume 
of air presented to the s. am, pier and that the volume of air can be 
'accurately raeasuT'ed in reference to a primary standard, such as a 
wet-test meter. Using this context, the volume of air determined by 
the inhalable particulate sam.pler must be within a tWt agreement of 
the volume determined by the primary standard to be considered 
"aC'C urate" . 

The determination of analytical accuracy can be readily 
accomplished using standard reference materials (SRM*s) obtained from 
the U.S. National Bureau of Standards. The mass and elemental concen^ 
trations determined by the Ministry's laboratory must agree within 
±101 of the values stated on the SRM's certificate of analysis to be 
eonsidered "accurate" , 
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ii) Precialon - a meaa. ure of mutual agreement among 

individual measurements of the aame pro- 
perty, usually under preaeribed similar 
conditions. Precision is most desirably 
eipressed in terms of the standard devia- 
tion. Various measures of precision exist 
depending upon the "prescribed similar 
conditions" (U.S. EPA, 1983). 

It cannot be ass-umed that inhalable particulate measurements 
taken by a particular instrument at a particular sampling point are 
reproducible over time. As such., it is necessary to conduct "preci- 
sion" testing to assess the reproducibility of the measurement 
process. Since it is not possible to collect Inhalable particulate 
samples simultaneously using the same instrument, a second .colocated 
3.aiipler of the sample type is used to assess the reproducibility or 
precision of the m,easurements , The ra,as3 an.d elemental concentrations 
of the eolooated samples must be within a ±20$ agreement of each other 
to be considered reproducible. 

Analytical precision is to he determined by interlaboratory 
round- robin studies and by intralaboratory (within- run) replicate 
measurements. The acceptable le'vel of precision for Interlaboratory 
studies is to be established by the governing agency while intra- 
laboratory precision levels are set by the Ministry laboratory'' s 
Quality Control/Quality Assurance O'ffice, 

iii) Completeness - a measure of the amount of valid data 

obtained from a measurement system compared 
to the amount that was expected to be 
obtained under correct normal conditions. 
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A perfect rate of data capture would be ideal for any 
monitoring program. This rate, in reality, is considerably less 
because of certain inevitable sampling and analytical problems, not- 
ably instrumentation malfunction and downtime. Inhalable particulate 
data is to be considered com,plete and representative of the sam,pling 
effort for a particular site if 75^ or more of the possible annual 
observations yield valid* mass .and chemical Goncentration and depo- 
sition estimates. The 75^ annual completion rate must be qualified,, 
howeve'r, it is possible to attain this annual completion rate even 
though sam,pling in a particular season or seasons is not truly 
represented. 

To qualify the annual completion rate, at least 67^ of the possible 
seasonal observations .must yield mass and chemical concentration and 
deposition estimates. 

iv) Representativeness- the degree to which data accurately and 

precisely represent a characteristic of a 
population, parameter variations at a 
aam.pling point,, or an environmental 
condi t i on ( U . S-. EP A , 1 9B3 ) .. 

As the definition implies, "representativeness" is a generic 
term that can be used to describe various sources of error in 
inhalable 



* Data validation criteria are described in the Data M,anagement 
Operations section. 
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particulate tneasurementa. Sample representativeness is a function of 
two potential sources of error, namely, siting and sampling problems 
(e.g., sampler efficiency, sampler performance,, particulate loss,, 
sample degradation, condensation effects, contamination, etc.) Sam- 
pling problems are best assessed in terms of precision and accuracy. 
Therefore, "representativeness" will focus on siting only. 

The s^ampllng network is designed to assess the inhalable 
particulate realized at urban and non-urban sampling sites. All sites 
are to be located in areas representative of the conditions being 
m'easured (i.e., urban sites are to be located in urban situations; 
non-urban sites are to be located in non-urban situations ) and must be 
free of local influences. For instance, the cheraical compositiO'n and 
amount of inhalable particulate being deposited in, an, urban situation 
should be typical of the conditions within a 1 km. radius of the 
s.^ampling site. In a non-urban situation,, where background concentra- 
tions are being sampled, the chemical Gomposition ,and .ara,ount of 
inhalable particulate being depo,sited should be typical of the 
conditions within a 10' km radius of the sampling site. 

Representativeness is addressed initially i,n the site selection 
criteria and evaluation. Con,ti,nuous observation of land use and 
developm,ent is to be documented throughout the life of the 3,a,mpling 
program and periodic external evaluation of a site's representative- 
ness i,s to be done as part of a system's audit, 

v) Comparability - a measure of the confidence which one data 

set can be compared to another. 



_j(t-!-Sj;-s;«p.-i«s9-.S-r 
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"Comparability" is also a generic term, since it involves the 
assessment of accuracy and precision. The most familiar Interpreta- 
tion of "comparability" is the degree to which datasets obtained 
during inter-agency Intercomparison studies are cO'mparable. These 
datasets will be deemed comparable if statistical tests indieate there 
is no significant difference seen at given confidence levels (usually 
95S) . In order to test comparability, data is to be in consistent 
units (e.g., pg/m-). 

Another connotatiOin of "comparability" involves analytical 
determi nation. It must be demonstrated that the analytical method of 
determination chosen for the monitoring program is the most feasible 
and is comparable to equivalent or superior methods of determination. 
For example. It must be demonstrated that results obtained by energy- 
dispersive x-ray fluorescence analysis (the method of choice in the 
inhalable particulate network) are comparable to the results obtained 
by instrumental neutron activation analysis or instrumental 
photonuclear activation analysis. 
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3.0 ORGAMIZATIOi AND RESPOMSILITIES 

The Inhalable Particulate Monitoring Program is a eooperative 
venture involving the Air R,esourees Branch (ARBO s the Laboratory 
Servioes Branch (LSB) and the Southwestern,, West-Central, Central and 
Northeastern regional operations (S¥R,, WCR, CR,, and NER, respecitively) 
of the Ministry of the Environment. The program la administered by 
the Particulate Sampling Committee, whose membership is co'iiprised of 
scientists from ARB. and LSB as well as the Air Quality Assessment 
Chiefs from the aforementioned regions and from, the Northwestern (NWR) 
and Southeastern (SER) regions. For matters relating to inhalable 
particulate, the Particulate Sajupling Committee will be chaired by a 
scientist from. ARB, who will function in the capacity of network 
O'perations and QA coordination, under the title "Network Coordinator", 

Resources and' support of the Inhalable Particulate Monitoring 
PrO',graiii are as follows: 

- Overall network QA m.anagement, field operations management, 
training, instrumentation procurement and development, and data 
raanagement and reporting are the responsibilities of the Air 
Reeources B^ranch. As suchj, the Air Resources Branch provides the 
material assistance to carry out these functions. 

Laboratory operations including sample reception, sample analysis 
and analytical data reporting are the responsibility of the Lab- 
oratory Services Branch. Funding for the analytical costs is the 
responsibility of the Air Resources Branch. 
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- Regional operations provide the man power and technical assistance 
necessary to carry out all monitoring activities. 

Decisions relating to the scientific direction, policy-making 
and progression of the Inhalable Particulate Monitoring Program are to 
be determined by" concensus of the Particulate Sampling Committee at 
regularly (quarterly) scheduled meetings. The minutes of Committee 
meetings are to be distributed to its members for information purposes 
and as a follow-up to items requiring action. Committee m6ra,bers are 
to disseminate this information to their subordinates,, where appropri- 
ate. In the interval between Committee m,eetings, discussions of 
policy m,atters will be comm'unicated to .and from the Network 
Coordinator to and from other members of the Committee. 

An organizational chart, as it relates to the Inhalable Parti- 
culate Monitoring Program, is shown In Figure 2. This chart ' esta- 
blishes the locations of QA responsibilities, the lines of communica- 
tion and the Internal flow of QA information. A brief summary of QA 
responsibilities for each position is also provided. 

The success of the QiA program and the sampling program in 
general depends on the following organizational requisites being ra.et: 

i) To maximize continuity within the network, sufficient 
manpower must be made available to carry out the work 
specified, within time and funding constraints. 

11) All personnel must know and understand the Q, A 
responsibilities of their positions and must possess the 
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necessary education, training, experience and eoimmitment 
tO' fulfill their QA-related duties. 

lii) Personnel qualifications, training needs and QA require- 
ments as they relate to the Inhalable Particulate Program 
are to be identified and described in detail in the QA 
Manual . 
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l:if| Quality assurance reports (reports of data quality to data 
users and quality assurance reports to m,anagem.ent ) are to 
be issued regul.ar'ly, preferably on an annual basis. These 
reports .ar'e to be reviewed and approved for diatrlbution 
by the Particulate Sampling Committee. Any follow-up 
action identified in these reports are to be acted upon 
expeditiously by the Network Coordinator. 
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4 , NETWORK O'PEfiA.TIOiIlS 



The overall emphasis on quality assurance is focussed on the 
network operations segment of the Inhalable Particulate Monitoring 
Program, To permit an unambiguous evaluation of the project results, 
Network Operations is sub-divided to describe Field Operations, 
Laboratory Operationa .and Data Management O'perations. 

The mass and elemental integrity of all samples will be assured 
in the Network Operations provided: 

i) well-conceived, scientifically-sound standard operating 
procedures and QA protocol are rigorously com/plied with by 
all personnel at all times; 

ii) all personnel are thoroughly trained in their respective 
procedures -and documentation of these techniques are 
readily available; 

iii) dependable, state-of-the-art instrumentation is used in 

the network and preventative and remedial maintenance 
procedures are established to minimize downtime, 

H,l FIELD OPERATIONS 



Accuracy j precision, completeness, representativeness and 
comparability are most sensitive to field operations. Field opera- 
tions are the least controllable area of network operations because 
they are carried out by a large number of people under relatively 
limited control. 
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Field OperatiO'ns address the following aspects: 

iJ Network Representativeness 
ti} Field Instrumentation 
ill) Sample Collection and Handling 

4,U1 Metwork Representativeo,e-aa 

To ensure network representativeness ,, monitors are to be 
located geographically In a im,anner which meets the network's design. 
Sites selected for monitoring must receive IP depoaition representa- 
tive in quality and quantity of the surrounding area and must match 
the criteria for which they were selected. General siting criteria 
for all sites are to be followed (e.g., avoidance of meteorological/ 
topographical anomolies, obstructions etc.). Any deviations from 
aceeptable criteria are to be^ documented and data collected from these 
•Sites are to be closely scrutinized,. 

Ensuring that the site distribution meets its network, objec- 
tives is the responsibility of the Particulate Sampling Committee, who 
have analyzed the IP data and have made an assessra.ent of the site 
distribution for its suitability. 

An essential element to ' assess representativeness is the 
documentation used to describe and evaluate all sites. A comprehen- 
sive listing of site selection criteria and site description is to 
exist for every site. Thi,s Information is to be incorporated into a 
standardized site description form (see Appendix, 1, QA Manual) by the 
Network Coordinator. -This form is a modification of the National Air 
Pollution Surveill,ance site docum,entation (Environment Canada, 1985)* 
The site description is to include the following: 
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i) location of the site Including station name, station 
number, address (if applicable), latitude, longitude, UTM 
coordinates (Northin,g and Eastin,g) and elevation above 
,g,round and above sea level. A topographieal map is to be 
kept on file for each ,site,' 

ii) the start-up date of the stationj 

iii) the name, address and telephone number of the contact 
regional technician responsible for the site and of any 
alternates; 

iv) -scale of representativeness (i.e., neighbourhood, regional,, 
etc.) and land use (i.e. industrial, aoimmercial , rural, 
etc , ) ; 

v) a description of how to travel to the site and any other 
access inf orra,ation; 

vi) a description of the electrical service at the site; 

vii) a listing of all equipment installed at the site used for 
sample collection, including the name of manufacturers, 
model and serial nura,bers; 

viii) a description of topography and a listing of other site 
influences; 

ix) a description of human and vehicular activities near the 
site; 
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x) a site diagram, indicating the positio^n O'f the samplers, 
the locatio^n and type of surrounding windbreaks, 
buildings, roads, ground GO¥er , obstructions, potential 
contamination sources in the immediate vicinity of sam- 
plers, electrical installations and eompass points. The 
diaifara is to be drawn to seale. 

xi) location O'f stationary pollutant sources including 
distances and directions from the site,. Description of 
any other potential sources such as ,n,earby agricultural 
operations are tO' be Included in this documentation. 

xil) 4 ,site ■ photographs are to-be taken, i,n the direction of 
the 4 cardinal points and are to clearly show the 
instrumentation and its surrunding area; 

xiii) a 3umm.ary of the site including advantages,, di3advanta,ge3 
and any deviations from, siting criteria. 

Monitoring sites may change to some e,xtent over time. To 
determine whether existing sites meet siting criteria, a re-evaluation 
of every site is to be undertaken during an external QA systems audit. 
This re~evaluatlon is to consist of updati,ng site documentation, 
including re- photographing all sites. A report reasses,3ing the suita- 
bility of each site is to be submitted after the re-evaluation to the 
Particulate Sampling Committee for review,. 

Any site changes that occur between evaluations are to be 
Immediately reported by the regional contact technician to the Network 
Coordi,nator,. A "Site Change Notification" form (refer to QA 'Manual) 
is to be completed by the technician to docum,ent changes made to the 
site or its surroundings. The effect of .any changes on the quality of 



QA Plan 
SectiO'O: 4.0 
Revision No. : 
Date: June 30, 1987 
Page: 5 of 28 

the data collected is to be evaluated as soon as possible by the 
Network Coordinator. 

4 . 11 . 2 Field I ns tr'unaeot at i on 

The instrum,entatlon, used for sample collection represents the 
greatest potential for negatively affecting data quality since an 
instrum'Snt ' 3 capabilities and performance can affect accuracy, pre- 
cision and completeness. The instrum,€ntation used in a supporting 
function (e.g., calibration equipment, sample shipment and storage) 
can also affect data quality, ,.,; 

The instrumentation used in the field' operations must be 
capable of 'ffleeting the follo^wing objectives; 

i) the air sampler must be capable of collecting sufficient 
amounts of IP in both coarse and fine fractions for the 
chemical analysis of desired elements of interest, with 
the highest possible collection efficiency and the least 
possible level of contamination or interference, 

ii) monitors capable of automatic sampling and little 
attendance in the field are the preferred mode of instru- 
mentation, M.anual samplers are acceptable for use at som,e 
sites, provided sufficient manpower is available for 
CO n t i n UO' us o per a t i o n , 

iii} the sampling flow-rate must be calibrated to accepted 
standard methods with the highest possible accuracy. 

iv) the instruments to be used for sample collection must be 
free of any environmental conditions which could impact 
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data quality (e.g.,, temperature, humidity or moisture 
build-up, dust levels, etc.). 

tj to preserve the mass and chemical integrity of collected 
IP samples, shipping containers .are to be chemically inert 
and are to be constructed in a manner which enco'urages 
shipment in an upright position and discourages rough 
handling . 

The air sampler preferred for use Is the automatic Sierra- 
Andersen dichotomous sampler (Model 245). Man,ual Sierra-Andersen air 
samplers (Model 2:44) are aoceptable for use at sites normally visited 
on a regular,, short-term basis (i.e., every third day). .Both types of 
samplers f ulf ill ' the requirements of the first two objectives above . 
These instrum,ents are to be housed in Instrument shelters for 
protection from meteorological influences. 37 mm Gelraan PTFE (Teflon) 
membrane filters .are the preferred collection m,edium since they are 
chemically inert and they promote electrostatic attraction of inhal- 
able particulate matter. Primary standards (e.g., wet-test meter, 
bubble kit) are to be used for static calibrations of t,he dichotomous 
air s.amplers . Secondary standards (e.g.,, mass-flow meter, calibr,ated 
flowmeters) are to be used for periodic checks of sample flow-rate. 
All samples ,ar'e to be placed in disposable, 4? mm polycarbonate Petri 
dishes, which ,are to be mounted in chemically-inert carrying cases.' 

The dichotomous air samplers and their associated peripheral 

equipment ar^e to be operated accor'ding to their design specifications 

■Piled u a. bi^ier 
outlined m their instrument m,anuals (which are to be iJiGo .p pQpa,bod 
ey\d k.eja\ wl+k, ©4^'Cr prom-&m. 4«t,w.i*A<^j4-^4<.eA 
,1, nt-iQ i bfte Standard — Qpern ti ng Prn ci? du . p-<»»-^an^ — ^ oo hniQal — Manua l ) ., to 

assure that instruments operate according to their design specifica- 
tions five quality assurance steps are to be im,plemented , namely. 
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prO'Gurement and pre-testing, inventory control,, calibration, 
preventive maintenance and routine checking, and corrective action. 

Procuremeiit procedures,, obviously, can only be applied to new 
samplers entering the network. If,, and when additional samplers are 
required,, every effort ,3hould be rn,ade to obtain the same type and 
model of sampler bei,ng used in the network. This is to ensure con^ 
tlnuity and ease of operation O'f the network. If an equivalent type 
of ,sainpler is desired, the following minimum. procurem,ent procedures, 
should be followed: 

i) detailed specifications of required instrument performance 
characteristics and manufacturing details (e.g., operating 
toleranc:©) are to be provided in the purchase order 
contract. 

ii) detailed warranty specifications are to be stated in the 
purchase order. The purchase order must also demand a 
certificate of analysis for instrumentation or materials 
used for calibration or ,are critical to sample collection 
(e.g., filters free of impurities or artif act-prora,ot ing 
eora,pound,5 ) . Detailed operating, maintenance and service 
guidelines, as well as sohematic and mechanical drawings 
are to be made available upon purGh,ase, 

iii) upon receipt of an instrument,, careful inspection is to be 
done to ensure that all specifications have been iii,et . All 
equipment is to be tested by the Instrum,entation Unit of 
Air Resources B^ranch for acceptance prior to deployment in 
the field. Procedures for acceptance testing are to be 
described in the Standard O'peratlng Procedures and 
Technical Manual- 
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To maximize network data cofflpleteness , inventory control ia 
essential. An inventory of spare parts is to be maintained at the Air 
Resources Branch and at each regional office to minimize interruption 
of sampling: because of instrument downtime.. Regional technicians are 
to take inventory of their spare parts and are required to submit a 
request for spare parts to the Air Resources Branch every six months. 
At no time should sampling be interrupted by the lack of spare parts. 

Calibrations represent a QA activity for measuring and 
controlling the accuracy of the network management system. A 

calibration plan with recommended intervals for calibrating both 
measurement and test instrumentation is to be developed and documented 
in the QA Manual. Static calibrations perform,ed using a primary 
standard or a secondary standard are to be done under environmental 
conditions seen while sampling. All samplers must be within an 
acGeptable calibration range (as specified in the Standard Operating 
Procedures and Technical Manual) prior to installation and operating 
at the sampling site. After the calibrations ,are carried out, the 
calibration results are to be recorded on calibration log sheets. The 
regional technicians are to submit a copy of any calibration records 
to the Network Coordinator as soon as possible after the calibration 
has occurred. These results are to be added to the Instrument history 
records at the Air Resources Branch, Upon review by the Ne'twork Co- 
ordinator, any significant changes in accuracy tnust be accounted for 
In the data entering the database. As a check on the calibration 
procedures,, independent calibr,ation audits are to be performed period- 
ically by the Instrumentation Unit of the Air Resources Branch and by 
external auditors as part of their perform,ance audit. The external 
auditor is to also verify t,hat the audit results have been properly 
incorporated into the network database. 
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Increased instrument reliability will result if preventive 
maintenance and routine cheeking procedures are carried out on a reg- 
ular basis. Instrument downtime decreases accordingly, thus, 
Increased data completenesa and accuracy are realized. Preventive 
maintenance procedures (e.g., cleaning, adjusting, testing) for mini- 
mizing failure of the sampling instruments or their parts are to be 
carried out semi-an,nually and are best accomplished on a rotating 
basis among sites. Simple routine checks should be done at each site 
visit (i.e., at least once per week) and at the beginning of each 
sample run. For example, Inspection of rotameter settings are to be 
.done on each site visit, while inspection of plunger O-rlng-s are to be 
done at the beginning of each sample run. Both preventive maintenance 
procedures,, and routine checking procedures are to be documented in the 
QA M^anual . Preventive m,aintenance is best done in the field so as to 
coincide with calibration procedures.. For both preventive maintenance 
and routine Qheoking, a aummary oheck list is to be followed. Any 
changes to an instrument ar'e to be reeorded in the instrument - s log 
book . 

A, corrective action plan scheme is essential for instrumenta- 
tion. This scheme is to be documented in the QA Manual. The success 
of the corrective action depends upon the early detection of problem,s 
(through routine checking) and the response time taken by technical 
staff to rectify the proble,m. Once an instrumentation problem, has 
been detected, it should be remedied on-site by performing the repair 
or by replacing the faulty instrumentation. There should be no inter- 
ruption greater than two saffl,pling days to effect these repairs. If 
the instrumentation problems are serious enough to warrant removal of 
the instrument to the regional office to effect repair, then the 
interruption should be no longer than five sampling days. All cor- 
rective actions are to^ be recorded in t,he affected instrument '* s log 
book . 
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4.1,3 Sample Colleetlon and H.andliiig 

Sample collection and handling refers to all procedures to 
which inhalable particulate samples are subjected from the time they 
are Gollected from the monitoring instrument to the time they are 
shipped to the laboratory for analysis. The objective's of these 
procedures are twofold, namely: to collect, handle and transport the 
samples with no effects to their physical or chemical Integrity and to 
obtain all necessary field measurements related to the collection of 
the samples. A number of QA requirements and activities have been 
ineorporated into the various stages of collection and handling to 
meet these objectives, specifically: 

i) All filters used for a sampling run are to be loaded into 
or unloaded from a sampling carousel at the regional of- 
fice in .an area which is clean, well-kept .and free from 
dirt, dust or vapours (particularly cigarette smoke). 
Clean J disposable polyethylene or latex ' examination* 
gloves are to be worn during these procedures to avoid 
CO nt ami nation. Care is to be taken to avoid touching the 
surfaces of the filters under any circumstances. 

ii) The sampling carousel is to be placed inside a carrier 
device during transit to and from the sampling site to 
avoid cpntamination or exposur-e to the elements. 

ill) Sample contamination by dirty instr'umentation or wind- 
blown contamination is to be avoided through careful 
instrument cleaning and maintenance. 

iv) A plastic-coated short-list of sample handling procedures 
is to be provided to each regional technician who carries 
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out the sample change. These prO'Cedural short-lists are 
to be referred to at the site and in the sample handling 
.area to avoid any possible emission of handling steps. 

v) A comprehensive field data form is to be completed for 
each batch of filters sampled, which would describe every 
filter (both coarse and fine) in that batch. The field 
data form will provide information on the description of 
the sample (sample n urn, Per „ site number, sample status, 
instr^uiient number,, etc.), a description of the sample's 
history (date exposed date removed sampling time, malfunc- 
tion details, etc.) and a listing of applicable field 
comiients and. special remarks.. 

vi) All samples are to be hand-delivered (with their 
supporting: documentation) to the laboratory in chemically- 
inert carrying cases within a prescribed period of time. 

The QA activities outlined in the previous three sub- sect ions 
are by no means all-inclusive. The Field Operations component is 
intricately linked to a number of 'before-the-fact' QA mechanisiia 
(routine 'special studies') and 'after-the-fact' QA mechanisms (non- 
routine 'special studies' and performance and systems audits) which 
are to be used to evaluate its perform,ance and to assess that the 
procedures are well-conceived and scientifically sound. The following 
discussion will describe only routl,ne (i.e. ongoing) special studies. 
Non-routine special studies and system,s and performance audits, which 
are sporadic in .nature, will be described in an upcoming section 
entitled "Other Network QA Considerations". 
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RO'Utine special studies to assess preGision and accuracy in the 
Field Operations are to include: 

i) Colocating air samplers at (at least) one sampling site 
within each region for a fixed period of time (one year is 
pref -erred). Rotation of the col oca ted sampler (s) is to 
occur within each region until each site is covered, 

li) A pair of coarse and fine 'passive' field blank filters 
are to be submitted from each batch of filters used during 
a collection period to assess background contributions of 
IP. 

lii) A pair of coarse and fine -handling' blanks are to be 
submitted quarterly from each site. 

4,2 LMOMTORY OPERATIOMS 

The coordination of the analysis of inhalable particulate 
samples is the res-ponsibillty of the Inorganic Trace Contaminants 
(I'TC) Section of the Laboratory Services Branch at Rexdale, Ontario. 
The two major functions of the laboratory operations are to carry out 
and report the mass and eleniental analysis of inhalable particulate 
samples generated by the monitoring activities and to support the 
field operations through routine quality control procedures and 
special studies activities. 

To meet these objectives, the laboratory must follow stringent 
quality assurance and quality control* procedures (which are to be 
documented in detail in the QA Manual) to produce data of known preci- 
sion, accuracy and comparability. A number of QA considerations are 
implicit with this need, namely: 
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i) Specific quality control and quality assurance procedures 
are to be designed,, documented and carried out to deter- 
mine the precision, accuracy and corapar ability of the 
laboratory results. Acceptable limits of precision, ac- 
curacy and comparability are to be defined and 
documented , 

11) •Function''' and 'control' checks ar-e to be systematically 
performed on both a real-tim,e and long term basis to en- 
sure that acceptable operating conditions are maintained 
and to identify situations which do not meet Q:A objec- 
tives. Corrective action procedures .ar'e to be followed to 
rectify 'out-of-control' situations. 

ill) T'he laboratory must produce data within a reasonable time 
frame and in a format suitable for subsequent data manipu- 
lation, screening and analysis after receipt of the 
samples. 



* 'Quality control' is defined as "the routine application of proce- 
dures for obtaining prescribed standards of perform.ance in the 
raeasureraent process" (U.S. EPA, '1983). 
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The elements of laboratory quality assurance which can directly 
affect the precision, accuracy and, comparability of the inhalable 
particulate data are: 

i) Sample Measurem,ent3 
ii) Laboratory Sample Handling 
ill) Support of Field Measurements 

^.2.1 Sample Measurements 

The maes of inhalable particulate samples is to be determined 
gravlmetriGally , using an eleetrobalance . The electrobalance must be 
extremely sensitive (i.e., it must be eapable of detecting weight 
changes as small as 100 nanograms) and must be capable of transcribing 
and recording the mass determi nation electronically. The instrument 
preferred for use is the Cahn Electrobalan,Ge (Model 25). The element- 
al determination of inhalable particulate is to be done in a non- 
destructive (non-digested) manner since re-an,aly3is may be required. 
To measure the thin film of inhalable particulate deposited on a mem- 
brane filter, the most feasible non-destructive method is energy- 
dispersive X-ray fluorescence (EDXRF) , As such, ITC uses an EG&G 
Ortec (Model EEDS2.TEFA) analyser for elemental analysis of inhalable 
particulate samples. The instruments used for each type of .analysis 
are to be operated according to their design specifications outlined 
in their instrument manuals (which are to be incorporated into t he- 
Standard Operating Procedures and Technical Manual). 

The systematic application of quality control procedures on 
both a real-time and long-term basis is required to evaluate data 
quality. These procedures consist first, of ''function'' checks (which 
verify the sample validity at the time of analysis and confirm that 
the instrument or analytical procedure was operated correctly and 
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under proper conditions) and, secondly, ''control'' checks (which pro- 
vide a measure of the variability O'f the results obtained in terms of 
precision and accuracy and identify deteriorating or '"out-of -control'" 
conditions as they develop to ensure that they are rectified 
immediately) . 

Function checks .ai^e to be performed at the .analyst level and 
are to include: 

i) Conditioning of the inhalable particulate filter prior to 
analysis. This would consist of storing filters in a 
temperature/relative humidity controlled chamber which is 
free of vapours (particularly cigarette smoke) as well as 
the elimination of static electricity from, the filters by 
exposure to a weak radioactive sour ce- 
il ) 'V'er if icatiO'n of the samples mass and elemental integrity. 
To verify mass determinations, every twentieth filter is 
to be reweighed at the end of a submissdon''' s weighing run. 
When abnormally high or abnormally low results are seen 
(in eoraparison to seasonal highs and lows),, the entire 
submission is to be reconditioned,, the,n reweighed. If 
t,hese anora,alou3 results persist, the submission is to be 
reweighed again but o^nly after the subm,ission of filters 
has undergo,ne EDXRF .analysis.. In addition, the s.ample 
must be free of physical imperfections (e.g., thumbprints, 
holes in the filter., etc..) to ensure its integrity. No 
analysis is to be performed on "flawed" filters. 

ill) Ensuring that the instrument is working prior to 
operation. All instrumentation is to be properly warmed 
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up and instrument drift and noise are to be checked and 
. ' documented* 

Iv) Adjustment for zero, span and operating ranges (if 
required) . 

It is important that the system be reliably maintained through 
proper service and maintenance procedures to minimize and quantify the 
variability observed between runs. 

Control checks are to be performed by the analyst as part of 
his routine analysis procedures and by laboratory QA personnel without 
the knowledge of the analyst. The selection of the types of control 
checks to be used and their frequency of use is to be deterrained by 
the Laboratory QA Manager for each analytical procedure. Control 
checks are to consist of:, 

1) Instrum,ent calibrations, which are performed to identify 
the instrumental response to "known" mass and elem.ental 
loadings in order to relate instrument response to the 
corresponding mass and elemental loadings of "unknown" 
samples. The accuracy of the electrobalance and the EDXRf 
analyser are to be challenged regularly (i.e., day-to-day, 
run- to-run) via repeated analysis of quality control 
standards (weight sets and standard reference ra,aterials) 
o^ver the range of expected instrument response. If a 
calibration cannot be confirm,ed, then corrective action 
must be undertaken (i.e., recallbration) to bring the 
calibration back into control before the analytical run 
Gommences . 
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il) Submission of QC samples ('blind' samples, laboratory 
blanke^, O'P real inhalable particulate samples) at various 
stages of the .analytical stream Is required to assess the 
precision and accuracy of the system as well as the detec- 
tion of analytical bias or introduction of contamination.. 
Once again, the selection of the type of control samples 
to be used and the frequency with which they should be 
analyzed is tO' be determined by the Laboratory QA Manager,. 

iii) The results of the analysis of QC sam.ples to be plotted on 
a real-time basis against historically determined statis- 
tical limits for "warning-- an.d "out-of-control" situa- 
tions. This is done by calculating the mean (x) and 
standard deviation (a) of a number of repeated .measure- 
ments.. "Warning" limits are to be set at +: 2 o and the 
'"out-of-control" Ifmits at x ± 3 a. Warning a.nd out-of- 
control lira.its are to be periodically recalculated to 
include recent m.easurem.ents in the statistical calcula- 
tions. Results which exceed the control limit values 
would indicate that re-analysis is needed. Results of 
this type ar'e to be appended with an appropriate lab 
remark code. 

iv) The ITC Section is to regularly participate in inhalable 
particulate inter laboratory round-robins to assess accura- 
c y and c om par ability, 

v) The validity of the results produced by ITC is to be 
assured. This would require checking samples to see if 
they are identified and labelled as .described on the 
Request for Analysis form. This check is to be done 
before samples are entered into the analysis queue. The 
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laboratory supervisor must screen all data sets before 
releasing: the data to the Sample Information System (SIS) 
to ensure that all requested analysis were perform,ed, that 
'data transcriptiO'n errors or ora,issions had not occurred 
and that unreasonable or obvious errors were not recorded 
in the data sets. 

4.2.2 Laboratory Sample Handling 

The potential for sample contamination, mishandling or degrada- 
tion within the laboratory is to be kept to a m,ini,Diium by following 
established sample custody and sample storage procedures. Sample 
custody prO'Cedures ■ ar'e needed to ensure the progression of all samples 
through the laboratory analysis stream from sample reception, through 
conditioning of the filters prior to analysis, the analyses themselves 
and the final ar'Chiving of the samples. A system for monitoring and 
recording the sample custody elements within the laboratory is to be 
implemented and is to involve the use of a sample custody form (see QA 
Manual).. This form is to include the following Information: sara,ple 
identification (sample/analysis number), date received at the labora- 
tory, receiver's signature and comments, date entered into the 
laboratory systeni, analyst identification, the date that all analyses 
were completed and the date submitted for long'-terra storage 
(indicating the storage location) . 

Specific activities, for sample custody and sample storage are 
listed below: 

13 upon receipt at the laboratory, all samples are to be 
visually inspected for physical defects and to ensure they 
are properly labelled and arrive with their supporting 
documentation; 
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ii) the laboratory sam/ple custody procedures including logging 
the samples into the laboratory system and the issuing, of 
a sample custody form are to be initiated; 

iii) all supporting documentation (field sheets, Request for 
Analysis forms and Lab Submission form'S) are to be' filed 
and kept on hand for easy reference; 

iv) all samples ai-e to be stored at 20°C and greater than 50% 
relative humidity in .an, area free of interferences (e.g., 
cigarette smoke),, preferably in the weighing room, until 
they move onto the next sample custody area;., 

v) ' any corrective action procedures required as a result of 
problems observed at the sample reception stage are to be 
done; 

vi) reasonable time limits are to be established for each 
analysis stage to ensure that sample analyses are com- 
pleted within the prescribed timeframe. Submissions are 
to progress through the series of analysis stages as a 
whole and not as individual filters. For instanc'e, all 
filters from a particular submission are to be weighed 
consecutively and then either sent back for reconditioning 
until ED'XRF analysis is pO'Ssible or are sent for ED^RF 
analysis directly, but only as a group or submission of 
filters.. This type of scheduling will take into account 
the number of samples that can be analysed within an anal- 
ytical run and will prevent having too many filters taken 
out of their conditioning environm,ent waiting for 
analysis; 
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vii) on,ce all analyses have been completed and the data have 

been screened and released, the filters are to^ be retained 
for possible re-analysis . Long-term storage of the fil- 
ters will, therefore, take place at the laboratory. The 
filters are to be kept on- hand until they are no longer 
required, i.e., a period deera.ed acceptable to the Particu- 
late Sampling Committee (e.g;. ^ two years), and are then to 
be disposed. 

■4.2,3 Support of Field MeasureHients 

Two additional responsibilities of the Laboratory Operations in 
support of Field Operations are participation in non-routine "special" 
studies and preparation of the filters prior to deployment in the 
field. The special studies activities will be described in an 
upGO'ining section entitled "Qither Network QA Considerations", 

The filters used for sample collection are to have their tare 
weight determined by the ITC section of the central laboratory prior 
to exposure in the field. This effort ensures consistency in weighing 
and provides a good measure for the assessment of accuracy. Tare 
weight determinations are to be used to calculate the loading of 
inhalable particulate after exposure in the field. All filters are to 
be handled in the same manner prior to exposure in the field as they 
are after exposure (i.e., they are to be conditioned prior tO' anal- 
ysis ^ same custody procedures, etc.). Batches of filters .are to be 
made available to the various monitoring regions at least two weeks 
before the next sampling run is scheduled to cO'mmenoe , to avoid last- 
minute notification for filters. 
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4.3 DATA MAMAGEMENT OPERATIONS 

The function of the Data M-anagement Oiperations la to correctly 
and efficiently compile, screen and validate,, transfer, report, and 
store the data generated by the Inhalable Particulate Sampling Pro- 
gram,. The data management system is broken down into the following 
modules: 

i) Data Collection and Entry 

ii) Data Man,agement 

iii) Data Screening, Validation and Reduction 

iv) Database Structure 

v) Data Reporting 

vi ) Standard Data Analysis 

vll) Provision of Data to External Users 

The data managenieint system, and. its associated Q,A activities ar'e shown 
•in Figure 3. 

4.3.1 ,Data Collection and Entry 

The data collection and entry system, provides the means for 
transferring the sampling and analytical information from the field 
and laboratory into the preliminary (working) database as quickly and 
efficiently as possible. All relevant information is to be reported 
at each stage of the process and errors in data recording and transfer 
are to be ra,inimiz,ed through the use of sta„ndardized data coding forms, 
tr,ansmitta,l procedures and data entry procedures , 



Data collected at the Field Operations level ar'e to be 
documented on a standardized field information form (see QA Manual). 
This form is designed to ensure that all information is easily 
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recorded in the field and can be readily extracted from the form into 
the working database. This form is to include information concerning 
each sample submitted, namely: sample desoriptlon (s^ample number, 
site name and number type of sample collected, instrumentation used, 
etc.), sample history (sampling date and time, elapsed sampling time, 
flow rate, malfunction details, calibration and routine check informa- 
tion, etc.), field comments, i.e.^ factors which may have influenced 
the integrity of the sample (instrument problems, contamination, non- 
standard sampling period or sampling time^^ unusual OGCurrences, etc.)-, 
and special remarks (elaboration of previous entries). The form used 
for recording field information is to be a multiple-copy type, which 
aids in reducing the possibility of data transcription errors. The 
original copy is to accompany its respective s^amples to the laboratory 
while one carbon copy is to be retained by the regional technician for 
easy reference and the final copy is to be forwarded to the Network 
Coordinator for scrutiny. 
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The quality assurance procedures associated with the cO'llectioiii 
O'f field data consist of ensuring that, i) the regional technicians 
are properly trained in the data recording procedures; ii) they record 
all pertinent information; and iii) periodic evaluations of the system 
used to record and transmit the information are carried out. 

The objective of the laboratory data management systeni is to 
provide a quality controlled set of analytical results (either an 
analytical result and/ or a coded response for each sample submitted) 
that can be merged with the field sampling information for subsequent 
data screening, validation and reduction, A number of preliminary QA 
checks are to be done before the analytical data are released from, the 
Laboratory Information System, (LIS) into the Sample Information System 
(SIS) and the Air Quality Information System (AQUIS) . These checks 
include, i) verifying sample labelling and matching field sheets with 
samples; ii) ensuring an analytical record exists for each sample 
described on the field sheets; lil) checking for obvious transcription 
errors; iv) checking the laboratory data printout against orfginal 
field sheet inf orm,ation; v) identifying values that exceed seasonal 
upper liffl,it values (these samples are to be autofflatically re-analysed 
to verify the result before the submission is approved for release); 
and vi ) ensuring that any ,missln,g or coded results are explained. 
Data are to be transferred by submission from LIS and AQUIS after 
t,hese checks have been performed. 

1,3*2 Data Management 

The m.anagement of the inhalable particulate database is the 
responsibility of the Database Scientist working through the Air 
Resources Branch (currently, an external consul t,a,nt is used). 
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Management of the database includes: 

i) entering field data into the database; 

ii) merging and editing field and laboratory data;, 

iii) creating a working database; 

Iv) data screening,, validatlQ'n and reduction; 

v) final data archiving; 

Yi) data reporting. 

This segment will discuss data managera.ent up to the creation of 
the working database. The other aspects of the data management are 
described in detail in SectiO'ns 4,3.3. to 4.3.7. 

The field inf orrn,ati on sheet forwarded to the' Network 
Coordinator is to be scrutinized for incomplete data entries and 
labelling errors and legibility. This preliminary review at the data 
reception stage allows for the correction of omissions and errors in 
the data forms while the regional technician is still famlli.ar with 
the submission. 

The merging of field and laboratory data is to be carried out 
by the Database Scientist through the Ministry's computer facilities. 
This would include the addition of TSP mass data into the IP database.. 
A software package is to be developed to match the field and labora- 
tory data for all samples .and to incorporate them into a single 
working database. This program is to list samples which do not have 
matching field and laboratory data and is to have the capability of 
correcting and editing the working database. After all data have been 
matched and all sample identification errors and omissions have been 
corrected by the Database Scientist, the working database can then be 
subjected to data screening, validation and reduction programs. 
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4.3.3 Data Sereening, Validation and Reduction 

D'Eta screening and validation techniques are to consist of a 
set of automatic (computerized) procedures designed to identify and 
evaluate questionable data (these data screening and validation tech- 
niques .are documented 4n detail in the QA Manual). The computer data 
sereening and validation procedures are to be used to compare all data 
to a set of predetermined standards (e.g. standard sampling period or 
sampling time, upper limit ■checks, fine/coarse mass ratios, elemental 
ratios, IP/TSP mass ratios, etc) and to list any data which do not 
conform to the prescribed screening and validation criteria. Based 
upon these results, the data will either be objectively accepted as 
stated or' will be accepted with qualifications. If the latter is 
true, the affected record will be appended with an appropriate office 
comment. At this point in the Data Operations, no data will be 
rejected (invalidated) from the database. The only reduction in the 
database will be the sequestering of passive sample records, after 
they have been used for background loading corrections. 

4.3.^ Database StruC'ture 

For quality assurance purposes, the data archiving system must 
provide means of ensuring that a complete, correct data set is main- 
tained, that it is secure (i.e., restricted access for editing) and 
that it has the capability of retrieving QA/QC information for all 
data collected. The database must be in a standardize'd format such 
that data access and manipulation routines may be developed to extract 
and sort subsets of data for data analysis purposes as well as for 
generating data tapes for authorized users. Inherent with the ar- 
chiving system is the need to restrict access to editing and deletion 
routines only to authorized personnel. 
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4.3.5 Data Eeporting 

Data report 3 are to consist of inhalable particulate 
concentratiO'n and deposition listings, annual data a'ummary statistics, 
and QA/QC data summaries. Data is to be released within the M:inistry 
in report form only after its quality has been assessed and docu- 
mented. The data listing and annual summary statistics reports are to 
be issued yearly, within nine .months of data collection. QA/QC data 
summaries are to be released bi-annually . 

All reports ar^e to be in a format that is easily readable. For 
example, the field information and data for each parameter for a part- 
ieular site is to be condensed on one or two pages,, Golum,n titles are 
tO' indicate the param,eter being reported and the units of measurement, 
and all rem,ark codes ar'e to be clearly explained. All reports are to 
include site descriptions and descriptions of analytical limits of 
quantification. 

4.3.6 Standard Data Analyses 

Standard data analyses ar'e to be done by the Database Scientist 
of the Air Resources Branch and are to include calculations of daily, 
seasonal and annual concentration and deposition and data distribution 
for all species on an individual site, regional, and network basis. 
Collaboration between the Air Resources Branch and the monitoring 
regions will determine which data are used in the data analyses. The 
exclusion of unreliable data must, however, be based on objective 
rejection criteria (e.g., severity of field comments). 

Detailed data analyses (e.g., chemical mass balances, factor 
analysis, target-transf ormation factor analysis, etc.) are to be done 
by both the Air Resources Branch (to determine temporal and spatial 
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trends of the network as a whole and in relation to development and 
verification of source-receptor modelling) and the monitoring regions 
(to determine regional-scale trends and episodic phenoraeha) after the 
data verification process has occurred. 

4,3,7 PrO'Vlslon of Data tO' External Ueers 

Since a dem,and for the network's inhalable particulate data is 
anticipated, screened and validated data are to be made availabae to 
external users (i.e., non-Ministry agencies) upon demand, either in 
printed report form or on magnetic tape. The external users are to 
receive a well -documented description of the data file format and 
contents (param_eter format, units of each parameter .and ' description of 
reffl.apk codes) to faeilitate easy extraction. The documentation is to 
also include a synopsis of the network operating procedures and QA/QC 
procedures, site descriptions, data screening and validation techni- 
ques,, description of the analytical limits of quantification, a s'um- 
m.ary of the network's annual data summ,ary statistics (e*g., range of 
values, seasonal averages for each param,eter, etc.) and a disclaimer 
stating it is the discretion of the user to Include or delete ques- 
tionable data in their working database (since the data provided to 
external users is only qualified, not invalidated). 
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5.0 OTHER METMORK QA CONSIDERATIONS 



The QA considerations to be presented in this section fall 
outside the considerations of previous sections or extend beyond one 
section into several. All have been peripherally mentioned,, yet 
warrant more detail. O'ther network QA con3ideration.s arei 

i) Training and Upgrading; 

il) Corrective Action; 

ill) Network Documentation and DoGuin,ent Control; 

iv) Non-Routine Special Studies; 

v) Systems and Performance Audits; 

vl) Quality Assurance Reporting. 

5.1 TEIIMING AMD UPGRADING 

It is of utmost importance for network personnel to be updated 
and upgraded in their training to account for changes and/or additions 
in their QA responsibilities. This is accomplished in the following 
manner : 

i) all network personnel are to have a complete set of the 
Standard Operating Procedures and Technical Manual on hand 
for quick, easy reference. If a new procedure is to be 
implemented in the network, it is the responsibility of 
the Network Coordinator to update and distribute copies of 
this procedure for inclusion in the manual, as described 
in Section 5.3 (Network Docum,entation and Document 
Control) . 
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11 ) the regional technician is to become familiarized with 
each new procedure and must be capable of performing it. 
If necessary, the Network Coordinator is to observe the 
regional technician per form this procedure to ensure it is 
done eorrectly. 

iii) unless required as a emergency m.easure, new operational 
pro'eedures ar'e to be implemented only at specified times 
throughout the year, notably after "technician'" meetings 
where the new procedures have been explained. Such con- 
solidatiO'n of changes helps to prevent haphazard implemen- 
tation and ensures that all network personnel are 
receiving consistent training and upgrading. 

Iv) regular (at least weekly) coramuni cation is to occur 
between the ■Network Coordinator and the ITC Supervisor and 
the Network Coordinator .an,d the senior regional techni- 
cians to ensure that the operating system la progressing 
smoothly and that notification of any problems Is promptly 
served and acted upon. 

In addition to providing training procedures, "technician" 
meetings allow for vital communication and feedback to take place. 
These meetings are to be held semi-annually at the Air Resources 
Branch and are to be attended by the Met work Coordinator, regional 
senior technicians and the regional technicians responsible for the 
operation of sam:pling sites. 

Training inadequacies are sora,etimes detected during routine 
supervisory checks or during external QA audits. Unsuitable or 
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insufficient initial training or upgrading and follow-up are the 
prlm^ary reasons for training inadequacies- In addition to training 
inadequacies, poor attitude or lack of interest in the sampling pro- 
■gram and unsuitable operating procedures may be observed as problems 
leading to a need for upgrading. It is the responsibility of the 
Network Coordinator to bring these inadequacies or procedural problem,s 
to the attention of the respective Air Quality Assessm,ent Chiefs, who 
are to act upon these problems. If necessary, the Network Coordinator 
is to offer any technical assistance needed to correct problems 
identified. 

The discussion above is relevant to personnel already in the 
network. When new personnel enter the network, initial training and 
follo-w-up training is to be done. All new technicians are to becoroe 
familiarized with all network documentation and are to receive 
thorough training under the supervision of the senior regional techni- 
cian, with at least two weeks of on-the-job "hands-on" Gxperlence. 

5.2 CORRECTIVE ACTION 

Inherent with a monitoring program are sampling problems which 
may result in lost, inaccurate or imprecise data. Most problems, such 
as instrumentation failure, can be dealt with using an immediate cor- 
rective action scheme. Systematic problems,, however, are often 
detected only after non-routine special studies or system and perfor- 
mance audits have been conducted. In either situation, to ensure that 
problems of non-conformity within all network components are detected, 
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eliminated and reported on In a timely manner, a "closed-loop" 
corrective action scheme, for s^hort-term and long-term problems, are: 

i) define the prO'blem; 
li) assign responsibility for investigating the problem; 
ill) investigate •and determine the cause of the probleii; 
IV ) determine the corrective action to eliminate the problem; 
v) assign and accept responsibility for implem,enting correc- 
tive action; 
vi) establish the effectiveness of the correction action and 
implement the correction; 
vii) verify that the corrective action has eliminated the 
problem. 

All corrective action plans are to be documented in the Qk 
Manual. For immediate corrective action, it should o^nly be necessary 
to consult checklists, control charts, trouble-shooting guides and 
instr'ument manuals for the corrective action to be perform.ed on-the- 
spot., If the problem is serious enough to affect data completeness or 
data accuracy (I.e., it can't be fixed in the field),, the problem 
should be corrected at the regional office. No more than 3 sampling 
days should pass before the problem is rectified and sampling res'umes . 
The success of the corrective action scheme hinges on the early detec-- 
tlon of the problem and the response time needed tO' correct the pro- 
blem. Long-term corrective action requires that the sequential, 
methodical approach be applied to systematic problems because they can 
have a substantial impact on the network's data quality as a whole. 
It is required that a Corrective Action Log form (see QA Manual) be 
prepared by the ietwork Coordinator for each non-conforming -si tuation 
as it is identified. 
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5.3 MET'MORK DOCUMEiTATION AND' DOCUMEMT COMTRO'L 

DocumentatiO'n neeessary for the proper operation of the network 
i's essential and must be properly produced,, updated and distributed on 
a regular basis. A docum,ent cataloguing system, which lists document 
type, document identification number, title author (s), date of publi- 
cation, dates of revisions and a user distribution list, is to be 
maintained by the Network Coordinator. This listing is to be 
incorporated into the QA Manual. 

Any changes In operating procedures are to be Immediately 
updated and distributed to all personnel. The page indexing format 
(see, for example, the top right hand corner of this page) is to be 
used for easy insertion of revised, updated or additional pages into 
existing documents. Each major section should begin on a new page so 
that the revision of single sections can be done without affecting 
other sections. When new pages are revised, they are to be substi- 
tuted for the old and a notation is to be made in, the Table of 
Contents ,. 



5.4 iOM-ROUTINE SPECIAL STUD,I,ES 

Additional or modified operating procedures are to be initiated 
on a non-routine basis to investigate and quantitatively assess site- 
specific, operation'-specif ic , or net work- wi,d,e phenomena or peculi,ar 
data trends as they affect precision, accuracy,, completeness, 
representativene,S3 and comparability. These "special studies"' can 



QA Plan 
Sectio^n: 5.0' 
Revision No. : 

Date: June 30', 198? 
Page: 6 of 13 

also be considered as part of long- terra correctiYe action or as a 
follow-up to systems and performance audit reGomra,endations, 

Speeial studies are tO' be initiated as soon as pO'Ssible after 
they have been identified or strongly suBpected, but only after Parti- 
Gulate Sampling Committee approval has been given., Spec'ial studies 
must be carried out under the strictest of quality eontrol/ quality 
assurance procedures. As such, each special study must be documented 
in terms of its quality assurance activities and structure. In 
essence, each special study is to have a condensed QA Plan, composed 
of: 

i) a description of the study and its objectives; 
ii) a projec't schedule; 
lii) an outline of responsibilities; 
iv) a description of the sample collection, handling and anal- 
ysis proce'dures, data screening and validation procedures 
and QA/QiC procedures specific to the special study; 
v) a data reporting scheme.. 



5.5 SYSTEMS AND PERFO'RMICE AUDITS 

Audits to assess the quality of the data and the collection, and 
[i,e-asurement processes as ,are to be carried out on a routine basis by 
auditors independent of the monitoring network. These audits are to 
co^nsist of systems and performance audits to qualitatively and quanti- 
tatively (respectively) determine i) whether the quality of the 
network's operations comply with desired standards of operation, 
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accuracy, precision, representati¥eness , completeness and 
comparability ii) whether the existing operations are sufficient to 
maintain those standards and ill) whether the Inhalable Particulate 
Monitoring Program'' 3 Q:A program is satisfactory for assuring the 
standards. To m,eet these objectives, an external auditor is to evalu- 
ate the representativeness of the sites in the network (50| of the 
sites per audit), assess the collection and measurement systems of the 
network and assess the data m:an,agein'ent system. External audits are to 
be done bl-annually if they are deemed warranted by the Particulate 
Sampling Committee. Annual internal performance audits of the Field 
Operations coffliponent are to be done by the Instrumentation Unit of the 
Air Resources Bnanch and the performance of the Laboratory Operations 
component is to be assessed by the Quality Assurance Office of the 
Laboratory Services Branch. 

The external auditor chosen to carry out the audits should be 
experienced and knowledgable in the fields of quality assurance and 
inhalable particulate monitoring. The design of the audit depends 
upon the guidelines given in the QA Plan. A specific design of the 
audit is to be produced by the auditors and Is to be evaluated by 
selected members of the Particulate Sampling Committee before it is 
carried out to ensure that it is suitable for network purposes. A 
final auditor's report is to be prepared and submitted to the Particu- 
late Sam,pling Committee upon completion of the audit. The report is 
to contain the results of the systems and performance audits including 
details of the site evaluations, technioians a33essm,ents , the results 
of the evaluation of the data management system, .Weaknesses, 
strengths and reco:mmendations generated by these evaluations are to be 
reported in detail. Any previous audit recommendations are to be 
followed up by the auditor to determine if these recommendations 
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were Irapleraented, and if not, why they were not implemented. A 
synO'peis of audit results are to be incorporated into the annual QA 
reports prepared by the M'€twort< Coordinator. 

Since external audits are essential to the success of the QA 
PrO'gpaoi and the Inhalable Particulate Monitoring Program, in general, 
they warrant further elaboration. The requirera,ents to verify, examine 
and evaluate that site representativeness and the collection,, measure- 
ment and data m,anagement components have been properly documented and 
effectively implemented in accordance with specific objectives are 
given below. 

To assess site representativeness, the accuracy and 
eompletenesa of current site documentation must be evaluated. The 
auditor's check for accuracy and Gompleteness of site documentation 
must be carried out in conjunction with site inspections.. Inspection 
of the site in relation to its description will determine if the docu- 
mentation is inaccurate or incomplete .and will serve as a check on the 
regional technicians to ensure they know the procedure for reporting 
site changes. Site inspections also evaluate the site in relation to 
the network's siting criteria. This evaluation must be a value judge- 
ment by the auditor, either in the forrai of a relative grading (e.g., 
excellent, good, marginal or unacceptable) or a stated opinion on the 
adequacy of the site for measuring Inhalable particulate matter repre- 
sentative of the surrounding environs. Site evaluations .are to be 
documented in the auditor's final report to the Particulate Sampling 
Committee, If sites are rated marginally acceptable or unaoeeptable 
by the auditor,, the Particulate Sampling Cora,raittee must co,nsider cor- 
rective action, such as, i) leaving the site as is, but documenting 
the reasons for its acceptance; ii) upgrading the site by making. 
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upgrading the site by making physical changes tO' it; iii) initiating 
special studies at or near the site tO' quantitatively assess the mag- 
nitude of the problem; and iv) failing all else, relocate the site. 
It is the responsibility of the Network Coordinator to act upon these 
measures reG:oiimended in the auditor's reiport as well as updating site 
documentation, assessing the effects of the offending site on data 
representativeness an.d to determine why the differences were not 
detected as part of routine network operations. 

The Field Operations component must also have its instrujmenta- 
tion and sample collection and handling procedures audited. The 
system,s audit on this portion of the network operation Is to 
consist of the following! 

i) assessment of the completeness and' accuracy of the 
Standard O'perating Procedures and Technical Manual in 
relation to field instrumentation requirements and 
procedures and sample collection and handling procedures; 

ii) assessment of the design, adequacy and effectiveness of 
the procurement and pre-testing, inventory control, cali- 
bration,, preventive maintenance and routine checking and 
corrective action procedure; 

iii) assesstient of the adequacy of the network's instrumenta- 
tion for meeting the network's overall objecti've and the 
network's quality assurance objectives with respect to 
accuracy, precision, completeness, representativeness and 
comparability . 
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The performanee audit would consist of a quantitative 
asseasment of the field in3trum,en,tatiQn,, namely: 

1) on-site calibrations of all in,3trura.ents; 

ii) ra,easure[nent of on-site operating conditions. 

The major emphasis of external laboratory audita la placed on 
evaluating the laboratory's QA/QC procedures and their effectiveness 
in terms of meeting the network's requirements for quality assurance 
rather than a detailed investigation of each of the specific com,pon- 
entis. within the laboratory system. As such, the audit will concen- 
trate , on evaluating the document at ion of current operating procedures, 
QA/QC 'procedures and" the QA ■ responsibilities of the laboratory 
personnel involved. 

Auditing O'f the data management component is limited in scope. 
The systems audit portion will concern itself with an assessment of 
the design, adequacy and effectiveness of the data screening and vali- 
dation techniques used to flag data, if required. The effectiveness 
of the data screening and validation techniques Is to be evaluated in 
a performance audit by, i) performing spot-checks on calculations used 
in the screening and validating process; and ii) inserting "dummy" 
data (unknown to the Database Scientist) into the database, performing 
the screening and validation checks on them, and determining if the 
appropriate qualifying remark codes are appended to these records. 

All findings and recomm,endations of the external auditor's 
systems and performance audit are to appear in a final auditor's 
report to the Particulate Sampling Committee, who are to evaluate and 
act upon the report's recommendations, were appropriate and feasible. 



QA Plan 
Section: 5.0 

Revision, No.. : 

Date^ June 30', 1987 
Page: 11 of 13 

5.6 QUALITY ASSURANCE REPORTING 

Annually,, a QA report is to be prepared by the Network 
Coordinator summarizing the results of the QA program over the pre- 
ceding twelve -month period. This doeument is to report any informa- 
tion which will help determine the confidence that users may place in 
the data, the level of QA applied to the network, its effectiveness 
and recommendations on QA related problems. This report is an effec- 
tive flieana of evaluating the costs of network quality assurance in 
terms of the increased data quality. The annual QA report is to be 
presented to the Particulate Sampling Committee for review and 
corrective action, 

QA reports are to include the following specific information: 

i) ehanges made to the QA Plan, QA Manual or the Standard 
Operating Procedures and Technical Manual ; 
ii) measures of data quality, nam, el y: 

a) statistics of sample and data capture (completeness) 
and reaso,ns for lost data; 

b) results of blank,, replicate, blind and colocated sam- 
ple analyses (precision and accuracy); 

e) laboratory QC data (precision,, accuracy , comparabil- 
ity); 

d) results of special studies (precision, accuracy, coffi- 
parability); 
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Hi) algnificant QA pro^blems, accomplishments, recommenciatioris 
and corrective action to be taken; 
iv) a synopsis of internal and external systems and 
performance audits; 
?) atatuB of data, including: projected schedules for data 
reports; 
vi ) 3umni.ar'y of QA training. 

Upon review,, QA reports are to be distributed to all network 
personnel and to all data users on the documentation distribution 
list. 
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